Summary: Epstein-Barr virus (EBV) viremia (EV) in pediatric solid organ transplant (SOT) recipients is a significant risk factor for posttransplant lymphoproliferative disease (PTLD) but not all patients with EV develop PTLD. We identify predictive factors for PTLD in patients with EV. We conducted a retrospective chart review of all pediatric SOT recipients (0 to 21 y) at a single institution between 2001 and 2009. A total of 350 pediatric patients received a SOT and 90 (25.7%) developed EV. Of EV patients, 28 (31%) developed PTLD. The median age at transplant was 11.5 months in the PTLD group and 21.5 months in the EV-only group (P = 0.003). Twenty-three (37%) EV-only patients had immunosuppression increased before EV, compared with 28 (100%) of PTLD patients (P < 0.001). The median peak EBV level was 3212 EBV copies/10 5 lymphocytes for EV-only and 8392.5 EBV copies/ 10 5 lymphocytes for PTLD (P = 0.005). All patients who developed PTLD had Z1 clinical symptoms. Younger age at transplant, increased immunosuppression before EV, higher peak EBV level, and presence of clinical symptoms have predictive value in the development of PTLD in SOT patients with EV.
M ore than 90% of adults worldwide have been infected with Epstein-Barr virus (EBV), a ubiquitous human herpesvirus. 1 Initial infection occurs during childhood, when EBV invades B lymphocytes and persists as a latent infection throughout life. 2 In the immunocompetent host, antibodies effectively neutralize virus infectivity and CD4-positive and CD8-positive T cells control the proliferation of EBV-infected cells. 3 However, in patients receiving T-cell-targeted immunosuppressive therapy, EBV-infected B cells may proliferate uncontrollably and result in symptomatic illness ranging from a mononucleosis-like syndrome to malignancy. 4 Posttransplant lymphoproliferative disease (PTLD) is a clinically and histologically heterogenous group of lymphocyte proliferations occurring in transplant recipients while being on immunosuppression. 4 Eighty percent of PTLDs overall, and the vast majority of pediatric PTLDs, are EBV-positive B-cell proliferations, making EBV infection a significant risk factor for the development of PTLD. 5 This group of disorders is a major cause of morbidity and mortality in the pediatric transplant population.
In pediatric patients, PTLD has been reported to affect 5% to 15% of cardiac and liver transplants and an even higher percentage of patients who have undergone intestinal transplant. [5] [6] [7] [8] [9] The incidence of PTLD was thought to be relatively low in renal transplantation, ranging from 1% to 3%; however, more recent studies report a rate as high as 6.9%. [10] [11] [12] The clinical presentation of PTLD varies and includes fever, an infectious mononucleosis-like illness, localized lymphadenopathy, or disseminated disease. It may also involve extranodal sites such as the central nervous system, gastrointestinal tract, or other abdominal organs, bone marrow or allograft. The work-up typically includes imaging to evaluate for lymphadenopathy and extranodal disease, a tissue biopsy, bone marrow biopsy, and lumbar puncture. Histologically, PTLD is classified as early lesions, polymorphic PTLD, monomorphic PTLD, and other rare forms such as Hodgkin disease-like lesions. 4, 10, 13, 14 Most transplant centers monitor for the presence of EBV viremia (EV) by PCR in solid organ transplant (SOT) patients at least for the first year posttransplant and reduce immunosuppression to a varying degree if viremia occurs. However, there are no clinical guidelines about the work-up necessary in patients who are at risk for PTLD.
In this retrospective chart review, our goal was to identify risk factors for the development of PTLD in patients with EV.
METHODS
We conducted a retrospective analysis of all pediatric SOT recipients, age 0 to 21 years, at our institution between 2001 and 2009. Patients were followed for a minimum of 1 year and maximum of 9 years. Data were obtained from patient charts and electronic patient databases. Inclusion criteria consisted of EV after SOT. EV was defined as >1000 EBV copies/10 5 lymphocytes in peripheral blood. As no patients with EBV levels <1000 copies/10 5 lymphocytes developed PTLD, we excluded this population with low-level EV, as per our laboratory value range. Exclusion criteria also included EBV-negative PTLD.
Data collected included onset of EV, presence of PTLD and pathologic grading, patients' sex, age at transplant and organ transplanted, indication for transplant, induction and maintenance immunosuppression, EBV serostatus at time of transplant, steroid intensification or increased tacrolimus level for rejection before EV, time from transplant to onset of EV, tacrolimus levels at time of EV onset and 8 averaged levels before and after onset of EV, development of CMV viremia by PCR, pattern of EBV PCR spikes, peak EBV value, treatment of EV (including antivirals and reduction of immunosuppression), ability to stay on immunosuppression, number and treatment of rejections (diagnosed histologically after a graft biopsy) after EV.
EBV serostatus at time of transplant was determined by IgG positivity. All children under the age of 12 months were determined to be negative. EBV PCR was checked monthly in the year posttransplant. The pattern of EBVpositive PCRs was also noted. EV was recorded as being primarily <1000 EBV copies/10 5 if the EBV would peak >1000 and then return to <1000 for the majority of the time, intermittently >1000 EBV copies/10 5 if the EBV was sustained >1000 for <3 months at a time, or chronically active if the levels were >1000 EBV copies/10 5 lymphocytes for >3 months at a time.
PTLD was diagnosed histologically after biopsy and was staged using the grading provided by Harris et al. 14 All patients received induction and maintenance immunosuppression based on organ-specific guidelines. The immunosuppression protocol for liver transplant patients included induction with mycophenolate mofetil (MMF), methylprednisolone, and daclizumab (humanized monoclonal anti-CD25 antibody), followed by a prednisone taper over 6 months and maintenance tacrolimus. The protocol for kidney transplants was induction with methylprednisolone and antithymocyte globulin (ATG), with the exception of a few transplant recipients who were induced with basiliximab (chimeric murine/human monoclonal anti IL-2R antibody) instead of ATG. Tacrolimus and MMF were started immediately postoperatively and continued as maintenance therapy and prednisone was tapered to 0.5 mg/kg by 3 months and continued as part of the maintenance regimen. Heart transplant patients were induced with MMF, methylprednisolone, and basiliximab. Prednisone was tapered by 6 months and patients were maintained on double immunotherapy with tacrolimus and MMF, with the exception of some patients for whom sirolimus was substituted for tacrolimus. Small bowel transplant patients received induction with methylprednisolone, MMF, and basiliximab, followed by a prednisone taper over 6 months and either monotherapy with maintenance tacrolimus or double immunotherapy with tacrolimus and MMF.
For analysis, patients were divided into EV without evidence of PTLD (EV-only) or EV with PTLD (PTLD).
Categorical data were compared using a Pearson w 2 analysis. The square root of the median peak EBV values was used to transform that data to meet the assumptions of the statistical model. P-values for continuous, nonparametric data were calculated using Mann-Whitney statistical analysis. A multivariate analysis using logistic regression was performed. Variables were selected for the multivariate analysis if they achieved statistical significance in the univariate analysis and were deemed clinically relevant. The number of variables was limited by the sample size of the population.
A P-value of <0.05 was considered statistically significant. All data analysis was performed using SPSS.
RESULTS
Ninety of 348 transplant patients met inclusion criteria and developed EV. Of those transplants, 59/175 (33.7%) were liver, 16/119 (13.4%) kidney, 8/32 (25%) heart, 3/12 (25%) small bowel, 3/9 (33.3%) liver/kidney, and 1/1 (100%) small bowel/kidney. Indication for transplant in each patient was recorded (Table 1) .
Twenty-eight of 90 (31%) EV patients developed PTLD: 18/59 (31%) liver, 3/16 (19%) kidney, 5/8 (63%) heart, and 2/3 (66%) small bowel ( Table 2 ). All cases were EBV-positive, B-cell PTLD. Of the 258 patients that did not develop EV, none developed PTLD.
The clinical variables analyzed in a univariate analysis are recorded in Table 3 . There was no statistical difference in incidence of PTLD based on sex. The median age at transplant was 11.5 months (range, 1 to 245 mo) in the PTLD group and 21.5 months (range, 2.5 to 206 mo) in the EV-only group (P = 0.003).
The median time from transplant to EV was 6 months (range, 2.4 to 15. (P = 0.026). The median peak EBV level was 3212 EBV copies/10 5 lymphocytes for EV-only and 8392.5 EBV copies/10 5 lymphocytes for PTLD (P = 0.005). There was no statistical significance found for pretransplant EBV-positive recipient serostatus, treatment with antivirals, or the incidence of CMV viremia.
Whether the EBV PCR was primarily <1000 EBV copies/10 5 lymphocytes versus intermittently or chronically >1000 EBV copies/10 5 lymphocytes was statistically significant, with a higher percentage of PTLD patients having intermittently (46.4% compared with 35.5% in EV group) or chronically (25% compared with 11.3%) elevated PCRs, and a lower percentage of PTLD patients having only transient elevations (28.6% compared with 53.2%) (P = 0.039).
With respect to immunosuppression, the response to EV was physician and transplant dependent and was heterogenous. The responses included complete cessation of immunosuppression, immunosuppression reduction with objective evidence (tacrolimus levels lower, documentation that steroids were stopped), reduced immunosuppression documented without objective evidence, and no change in immunosuppression.
Thirteen (21%) patients in the EV-only group were induced with ATG, compared with 1 (3.6%) patient in the PTLD group (P = 0.035). Five (8.1%) of the EV-only patients and 9 (32.1%) of the PTLD patients were induced with basiliximab (P = 0.004). Forty one (66.1%) EV-only patients were induced with daclizumab, compared with 18 (64.3%) PTLD patients (P = 0.865). With respect to maintenance immunosuppression, there was no statistical difference found for the type of immunosuppression or for patients treated with monotherapy, double, or triple immunotherapy. There was no statistical significance found in tacrolimus levels, compared with pre-EV, at onset of EV, and after onset of EV.
Of significance, 23 (37%) EV-only patients had immunosuppression increased (steroid intensification or increased tacrolimus level) before EV, whereas 28 (100%) of the PTLD patients had increased immunosuppression (P < 0.001). Sixteen (25.8%) EV-only patients had steroid intensification before EV compared with 24 (85.7%) PTLD patients (P < 0.001).
After diagnosis of EV, 54 (87.1%) EV-only patients had a reduction or cessation of their immunosuppression, compared with 28 (100%) PTLD patients (P = 0.083).
All patients who developed PTLD had Z1 clinical symptoms including fever, lymphadenopathy, or other gastrointestinal symptoms, most frequently diarrhea.
With respect to rejection post-EV, there was no statistical difference between groups in the number of rejection episodes (mean number of episodes 0.58 in the EV-only group vs. 0.36 in the PLTD group, P = 0.19) or the severity of rejection. There was also no significant difference for the number of patients who had treatment of rejection with steroids versus thymoglobulin in addition to steroids. There were 5 (8.1%) EV-only patients who required graft explant for rejection, compared with no PTLD patients (P = 0.122).
In the multivariate analysis (Table 4) , steroid intensification before EV, age at EV, and median peak EBV level remained statistically significant (P- (Table 5) .
DISCUSSION
This study is the largest, single institution, retrospective review of pediatric SOT recipients who developed EV posttransplant. In extensive analysis, younger age at transplant and at first onset of EV, increased immunosuppression before EV, and higher peak EBV level were associated with the development of PTLD in SOT patients with EV. In a multivariate analysis, steroid intensification before EV, age at first-onset EV, and the median peak EBV level remained statistically significant. In addition, we found that patients with PTLD were 143 times more likely to have received steroid intensification before first-onset EV, compared with younger age at EV diagnosis and a high-peak EBV level. All patients with PTLD presented with clinical symptoms that included fever, diarrhea, and/or lymphadenopathy. This variable was not included in the statistical analysis because the data were not available on all EV-only patients.
Our study demonstrated that younger age at transplant was associated with the development of PTLD, which is consistent with published literature. 15 Previous studies have also shown that the risk of developing PTLD is higher for an EBV-negative recipient compared with an EBVpositive recipient before transplantation. 16 As younger children are more likely to be EBV negative at the time of transplant, it has been suggested that this is the reason for the increased risk of developing PTLD. Our study, however, did not find a statistical difference in pretransplant EBV status. Younger age at transplant may, therefore, be an independent predictive factor.
Transplant from an EBV-seropositive donor into a seronegative recipient has also been associated with the development of PTLD. 17 Unfortunately, these data were not available for all patients in our study.
Previous studies have demonstrated that the intensity, duration, and type of immunosuppression related to the type of transplantation are major risk factors for PTLD. 4 Our study showed significant difference between types of induction immunosuppression used; however, these results also corresponded to the type of organ transplanted. For example, of all the patients in this study treated with ATG, only 1 of 14 developed PTLD. This is in contrast to previous studies, which have shown that ATG, which depletes all T cells, is a risk factor for PTLD. 18 However, of the 14 patients treated with ATG, 13 were kidney transplants, a population with a lower incidence of PTLD. In addition, there was a significantly higher percentage of PTLD patients who received basiliximab as induction immunosuppression compared with the EV-only group. Again, only a few renal transplant and the small bowel transplant patients received basiliximab, and it is difficult to draw conclusions from such a small percentage of patients. In our study, such differences seen between different types of immunosuppression could be due to the type of organ transplanted. A larger patient population is needed to determine if there is a significant difference between types of immunosuppression.
Further research is also needed to explain the difference in incidence of PTLD between organs. Factors may include higher immunosuppression used in transplanted organs such as heart and small bowel versus liver, or dose of donor lymphocytes present in the transplanted organ. Dose of donor lymphocytes may increase the risk of PTLD due to the fact that EBV exists inside cells and the increased lymphocytes results in a higher viral load. Lymphocyte dose is expected to be higher in liver and small bowel versus heart and kidney transplants. Therefore, the risk of PTLD in liver and small bowel transplant recipients may be increased due to the dose of donor lymphocytes, independent of the increased immunosuppression required.
Regardless of organ transplanted, we found that increased immunosuppression (both steroid intensification and increased level of calcineurin inhibitors) in the face of rejection was significantly associated with the development of PTLD. Prior studies have also found a correlation between the intensity of immunosuppression and PTLD. 4, 19 The specific effect of steroids on the development of PTLD is unknown. As with other types of immunosuppression, steroids target T cells. It is interesting, however, that steroids may increase the risk of PTLD in this way, while at the same time are often therapeutic and used in the management of PTLD. Steroids are often used as first-line therapy for rejection, which may explain the increased association with PTLD. Furthermore, steroid intensification is often accompanied by changes in other immunosuppression. In our study, tacrolimus levels were analyzed; however, did not reach statistical significance and were, therefore, not included in the multivariate analysis. Given that tacrolimus levels were not predictive of PTLD development, tacrolimus together with steroids may be a risk factor for PTLD and should be further studied.
Previous studies have shown that an elevated EBV PCR level identifies a patient at risk of PTLD. 4, 20, 21 Our study demonstrated that a higher peak EBV level had statistically significant predictive value for PTLD. This was also demonstrated in a series of lung transplant patients, in which the majority of patients studied had high viral loads before and at PTLD diagnosis. 22 Prior studies have also shown that persistent high EBV loads are a major risk factor for the development of late-onset PTLD. [23] [24] [25] This supports the need for early intervention in patients with high EBV viral loads. Lee et al 26 found that by using frequent EBV viral load monitoring and preemptive immunosuppression modulation they were able to decrease the incidence of PTLD in their pediatric liver transplant population. In a pediatric renal transplant cohort studied by Tanaka and colleagues, high EBV viral load, as defined by having >1000 copies/1 g DNA for over 6 months, was managed by first discontinuing MMF followed by reducing calcineurin inhibition, if no response was seen. No patients in their study developed PTLD. 27 Because of variations in EBV PCR assays at different institutions, it is necessary for a medical center to establish their own cutoff EBV level. At our own institution, we propose that reduction of immunosuppression is warranted if the EBV PCR is >1000 copies/10 5 lymphocytes; however, imaging and/or biopsy for PTLD is not warranted unless there are clinical symptoms such as fever, diarrhea, and/or lymphadenopathy. In addition, patients who have received steroid intensification require close clinical monitoring and parents should be instructed to call immediately for any clinical symptoms.
There was no statistically significant difference between pathologic grading of PTLD and peak EBV levels. The ability to detect such a difference was likely limited by the low number of patients with WHO grade III or IV disease.
Studies have provided evidence that early diagnosis of PTLD, followed by reduction and/or discontinuation of immunosuppressive agents decreases morbidity and mortality. 28 A high index of suspicion is important for early diagnosis as it has been shown to correlate with more benign lesions and more favorable outcomes. 29 In our experience, not all patients with EV warrant further workup and reduction of immunosuppression is sufficient in an asymptomatic patient population. The data collected in this retrospective review are being used to develop a protocol for management of EV that minimizes the risk of rejection in low-risk patients and minimizes exposure to radiologic studies and invasive procedures, while also still promptly diagnosing PTLD in high-risk patients. By using the predictive factors found to be statistically significant in this study, we can spare patients who do not meet criteria unnecessary radiation, anesthesia, and surgical procedures. Emerging evidence also suggests that genetic factors play a role in the development of PTLD. Polymorphisms in IFN-g have been associated with the development of EBV-positive PTLD in animal models. 30 In addition, in a case-control study done by Babel et al, 31 polymorphisms in the anti-inflammatory cytokines, IL-10, and TFG-bwere associated with the development of PTLD. Such genetic predispositions should be further evaluated in future prospective studies.
The limitations of our study included sample size that affects the extent to which an extensive multivariate analysis could be performed. As this was a retrospective analysis, there is also risk of bias if inaccurate data were obtained. In addition, lung transplants are not performed at our institution and may affect the comparison to SOT recipients at other institutions.
In summary, we have shown that, in our institution, the children at highest risk for PTLD are those who are transplanted at a younger age, are treated with increased immunosuppression for episodes of rejection before EV, have an elevated EBV viral load, and develop clinical symptoms. Most significantly, we found that steroid intensification before EV has a very high odds ratio for the development of PTLD in the setting of EV. Patients who develop EV and have had rejection requiring intensification of immunosuppression before developing EV are more likely to develop PTLD. Therefore, with regard to steroid intensification in patients with EV, the physician must weigh the risk of allograft loss versus the risk of PTLD, and patients who are treated with steroid intensification should be monitored especially closely.
